We have developed a new, effective procedure for detecting Vibrio parahaemolyticus in seafoods using enrichment and plating onto a chromogenic agar medium. Samples were cultured in salt Trypticase soy broth, which is a nonselective medium, and then a portion of the culture was cultured with salt polymyxin broth, which is a selective medium for V. parahaemolyticus. This two-step enrichment was more effective than the one-step enrichment in salt polymyxin broth alone. The enrichment cultures were then plated onto a new chromogenic agar containing substrates for beta-galactosidase. The V. parahaemolyticus colonies developed a purple color on this growth medium that distinguished them from other related bacterial strains. V. parahaemolyticus was isolated more frequently from naturally contaminated seafood samples using the chromogenic agar than thiosulfate citrate bile salts sucrose agar medium, which is currently used for the isolation of V. parahaemolyticus. Our findings suggest that this new enrichment and isolation scheme is more sensitive and accurate for identifying V. parahaemolyticus in seafood samples than previously used methods.
Vibrio parahaemolyticus is a major food-borne pathogen that causes worldwide health problems. Prevention of V. parahaemolyticus contamination of foods, especially contamination with serotype O3:K6, which has been associated with recent outbreaks (3, 5, 6, 7) , is an important public health concern. It has been observed that the new O3:K6 clone of V. parahaemolyticus spread to Taiwan, Laos, Japan, Thailand, Korea, and the United States between 1997 and 1998 (10) .
To establish effective control measures to reduce the risk of V. parahaemolyticus infection and to ensure the safety of foods, efficient analytical methods for the detection of V. parahaemolyticus in foods and the environment must be available. Selective enrichment with alkaline peptone water (APW) or salt polymyxin broth (SPB) and plating of the enrichment culture onto thiosulfate citrate bile salts sucrose (TCBS) agar have been widely used for selective isolation of V. parahaemolyticus from foods. Although this existing method for detecting this organism in foods is inadequate, V. parahaemolyticus isolation schemes have not been carefully studied. It has been observed for other bacteria that nonselective enrichment prior to selective enrichment is effective for the detection of bacteria injured by various environmental stresses (4, 13) . Therefore, we studied the effectiveness of nonselective enrichment prior to selective enrichment for V. parahaemolyticus. Furthermore, we have noted in a survey of seafoods that V. parahaemolyticus colonies on TCBS agar are difficult to distinguish visually from other bacterial colonies, since they can be covered by a yellow color produced by sucrose-fermenting bacteria. To develop a more efficient method, we studied the effectiveness of a method involving a two-step enrichment with nonselective and selective media and plating onto a chromogenic agar medium. This agar medium containing substrates for beta-galactosidase was developed specifically to differentiate V. parahaemolyticus from other bacteria by using a chromogenic substrate, instead of sugar fermentation, in traditional growth media such as TCBS.
First, we tested strains of various bacteria (Table 1) which could contaminate seafoods during harvesting and processing for colony formation on the new chromogenic agar medium CHROMagar Vibrio (CV) agar medium (CHROMagar Microbiology, Paris, France). Photobacterium damselae (IFO15633) and Vibrio alginolyticus (IFO15630) were provided by the Institute for Fermentation (Osaka, Japan). Pseudomonas aeruginosa (ATCC 9027), Vibrio hollisae (ATCC 33564), and Vibrio mimicus (ATCC 33656) were from the American Type Culture Collection (Manassas, Va.). Vibrio vulnificus (JCM3725) was from the Japan Collection of Microorganisms (Saitama, Japan). The others were isolates obtained from clinical and environmental samples. Vibrio spp. and the other bacteria were cultured at 37°C for 18 h in tryptic soy broth (TSB; Difco, Detroit, Mich.) supplemented with 2% NaCl (NTSB) and TSB alone, respectively. A loopful of each culture was streaked onto CV medium. After incubation for 20 h at 35 to 37°C, the colonies were examined for size and color. All 68 strains of V. parahaemolyticus, including 24 strains of serotype O3:K6, formed violet colonies on CV agar ( Fig. 1 , and short-necked clam (Tapes japonica) meat removed from shells and cut meat of codfish (Gadus macrocephalus) were purchased from retail shops in Tokyo in the autumn of 2000. Each seafood specimen (200 to 500 g) had been packed separately in plastic packages when purchased. The seafood specimens were transferred with ice from retail shops to our laboratories within 1 h and kept at 4°C for less than 6 h until they were used in the experiments. For scallop and spiny top shells, whole bodies removed from shells were used as test samples. Fish, octopus, and squid purchased as whole bodies were cut into several portions. Portions including the gills and skin from fish and those including legs from octopus and squid were used as test samples. Total viable bacterial counts and coliform counts were determined for each sample (16) .
In the first series of experiments, the presence of V. parahaemolyticus in short-necked clam meat and horse mackerel was examined using CV agar, TCBS agar (Nissui Co., Tokyo, Japan) (N-TCBS), and cholera medium TCBS agar (Oxoid, Unipath Ltd., Basingstoke, Hampshire, United Kingdom) (CM-TCBS) in combination with different enrichment procedures. N-TCBS and CM-TCBS have been widely used as selective agar media for Vibrio spp., including V. cholera and V. parahaemolyticus. The formulae of both media are similar except for the concentrations of sucrose, ox bile, and agar. The total numbers of viable bacteria and coliform bacteria in shortnecked clams were 5.41 and 3.49 log CFU/g, respectively, and those in horse mackerel were 5.89 and 4.13 log CFU/g, respectively. Duplicate portions (25 g) from each package were cultured with 225 ml of NTSB, APW (Nissui Co.), or SPB (Nissui Co.) at 37°C for 6, 6, or 18 h, respectively (Fig. 2) . One milliliter of the NTSB culture was further cultured in 9 ml of APW or SPB for 18 h at 37°C as NTSB-APW or NTSB-SPB, respectively. A loopful of each enrichment culture was streaked onto N-TCBS, CM-TCBS, and CV agars. After the agars were incubated at 37°C for 18 h, colonies suspected of being V. parahaemolyticus were incubated in triple-sugar iron medium (Eiken Co., Tokyo, Japan), nutrient broth (NB; Difco), and NB supplemented with 8% NaCl for confirmation of glucose fermentation, sucrose nonfermentation, nongrowth in NB, and growth in NB supplemented with 8% NaCl. The levels of efficiency of the plating media for identification of V. parahaemolyticus colonies were evaluated by classifying each plate as negative or positive when no colonies or more than one colony was identified as V. parahaemolyticus, respectively.
V. parahaemolyticus was isolated from all short-necked clam samples using CV agar in combination with all enrichment conditions ( Table 2 ). In contrast, the organism was detected in 50 to 70% of the samples when CM-TCBS agar was used in combination with any of the enrichment conditions and in 80 to 90% of the samples when N-TCBS agar was used in combination with enrichment with either APW, NTSB-APW, or NTSB-SPB (Table 2 ). In addition, V. parahaemolyticus was isolated from horse mackerel samples more frequently with CV agar than with the other agars ( Table 2 ). The numbers of colonies identified as V. parahaemolyticus tended to be greater on CV agar plates than on the other plates for both food items (data not shown). The presence of the toxR gene, which is specific for V. parahaemolyticus, was confirmed in 33 colonies randomly selected from the colonies identified as V. parahaemolyticus using the PCR method (9) . Thus, the methods using CV agar in combination with SPB or NTSB-SPW were superior for both food items when the numbers of identified colonies were compared. NTSB-SPB was superior to SPB for horse mackerel but not for short-necked clam (data not shown).
In the second series of experiments, the presence of V. parahaemolyticus was tested in 12 different seafoods using CV and N-TCBS agars in combination with enrichment with SPB and NTSB-SPW. A 25-g portion of each seafood sample was cultured with 225 ml of NTSB or SPB at 37°C for 6 or 18 h, respectively, so that each portion from the same package was assigned to the two enrichment media. One milliliter of the NTSB culture was transferred to 9 ml of SPB and incubated for 18 h at 37°C. A loopful of each enrichment culture was streaked onto N-TCBS and CV agars. After incubation at 37°C for 18 h, colonies were confirmed as V. parahaemolyticus by the methods mentioned above. The levels of efficiency of the plating media were evaluated by the methods mentioned above. Significant differences between the numbers of samples detected as V. parahaemolyticus were analyzed by Fisher's exact probability test (15) . V. parahaemolyticus was isolated more frequently with CV agar than with N-TCBS agar by either of the two enrichment protocols; V. parahaemolyticus was isolated from 65 and 80% of samples using CV agar with SPB and NTSB-SPB, respectively, and from 50 and 70% of samples using N-TCBS with SPB and NTSB-SPB, respectively (Table 3) . CV agar was also superior to N-TCBS agar in terms of the number of identified colonies ( Table 3 ). The total numbers of bacteria in these seafood samples were 3.06 to 6.90 log CFU/g for viable bacteria and a nondetectable number to 5.70 log CFU/g for coliform bacteria. However, the total numbers of viable and coliform bacteria were not related to contamination of V. parahaemolyticus.
A portion (0.1 ml) of diluted enrichment cultures from the octopus samples was spread on CV and N-TCBS agars, which were then cultured at 37°C for 18 h. Violet (Fig. 3a) and green 
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NEW CHROMOGENIC MEDIUM TO ISOLATE V. PARAHAEMOLYTICUS( Fig. 3b) colonies were observed on CV and N-TCBS agars, respectively, as being typical of V. parahaemolyticus colonies. However, the typical colonies were clearly distinguished only on CV agar (Fig. 3c ) when a loopful of the same enrichment culture was streaked on both agars, which were then incubated at 37°C for 18 h. Furthermore, the color of N-TCBS agar changed to green and black after being left for 24 h at ambient room temperature (Fig. 3f) , whereas the color of CV agar remained unchanged under the same conditions (Fig. 3e) . Acids produced by sucrose-fermenting bacteria diffuse into and spread though the agar with time, changing the color of the agar from green to yellow in the area surrounding the colonies of sucrose-fermenting bacteria or even across the entire area of the agar plate. When V. parahaemolyticus colonies near sucrose-fermenting bacterial colonies are covered by the yellow color, the color of V. parahaemolyticus colonies also changes from green to yellow or yellow-green, leading to difficulties in the differentiation of V. parahaemolyticus from other bacteria. In contrast, the violet color of V. parahaemolyticus on CV agar was not affected by the presence of colonies of other bacteria on the same plate, because generation of the color depends on the reaction of the bacterial beta-galactosidase with the substrate contained in the media. Furthermore, the color of V. parahaemolyticus colonies did not change with time for up to 18 h at room temperature. Violet colonies of V. parahaemolyticus remained violet even when they were covered by other colors produced by other bacteria, differing from what occurred with TCBS agar, on which V. parahaemolyticus colonies were occasionally hidden by the yellow color produced by sucrose-fermenting bacteria such as V. alginolyticus. Perhaps because of these characteristics of CV agar, the rate of detection of V. parahaemolyticus in naturally contaminated seafood samples was higher when CV agar was used than when TCBS was used.
The present experiments, using various seafoods as test samples, demonstrated that the detection rate was higher when NTSB-SPB was used than when SPB alone was used for enrichment. It has been observed that V. parahaemolyticus, like many other bacteria, is injured by various environmental stresses such as low temperature (8, 11) . Stressed bacteria are difficult to grow in selective enrichment broth (4, 13) . These findings suggest that a nonselective medium such as TSB prior to enrichment with selective media might be effective in recovering injured cells. Furthermore, based upon the present findings, CV agar is recommended as the selective agar in combination with enrichment with NTSB-SPB for the isolation of V. parahaemolyticus from seafood samples.
In the present study, the total number of V. parahaemolyticus cells was targeted to assess the isolation procedure involving CV agar and two-step enrichment with NTSB-SPB. This procedure would also be effective in isolating thermostable direct hemolysin (TDH)-or TDH-related hemolysin-producing V. parahaemolyticus strains, because these pathogenic strains may behave similarly to total V. parahaemolyticus cells in the process of the isolation procedure, especially on CV agar. Thus, pathogenic V. parahaemolyticus, which has not been as frequently detected in foods as it has been in clinical specimens (2, 12, 14) , might also be isolated more successfully by the use of the present procedure with CV agar.
The acceptable level for the total number of V. parahaemolyticus cells in fish fillets and shocked shellfishes for raw consumption is below 100 CFU/g of sample in Japan. Although the two-step enrichment procedure would not be suitable for routine tests for inspection in terms of the time required, CV medium would be very useful for routine tests, including those with the most-provable-number method (1).
